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*' . ■ Proteinq ..-. , ....... 

-Technical -Field of t.h* Invention „ 

The invention relates to. anti- freeze polypeptides -'(AEP' s) 
5. . food product containing -AFP.' s ... .._ , _,„■_... 

Backgro und to the Invention, .. . 

Anti-freeze polypeptides. . .(AF^f s) have been- suggested for. 
improving the freezing tolerance- of foodstuff s . 
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WO 90/13S71 discloses antifreeze polypeptides produced 
chemically or by recombinant DNA techniques from plants. 
The AFP-s can suitably be used in food-products such as 
ice-cream. Example 3B shows modified ice-crystal shapes if 
a water-ice mixture is frozen into a fil m in combination 
with 0.01 wt% of AFP. - . 

wo 92/22581 discloses AFP's from plants which can be used 
for controlling ice crystal shape in ice-cream. This 
document also describes a process for extracting a 
polypeptide composition from intercellular spaces of plants 
by infiltrating leaves with an extraction medium without 
rupturing the plant cells. 

25 WO 94/03617 discloses the production of AFP-s from yeast 

and their possible use in ice-cream. WO 96/11586 describes 
fash AFP's produced by microbes. 

Up till now. however the use of AFP 1 s has not been applied 
30 to commercially available consumer products. One reason for 
.this are the high costs and complicated process for 
obtaining AFP's. Another problem is that sources of the 
AFP-s are either difficult to obtain in sufficient 
quantities (e.g. fish containing AFP's) or are not directly 
35 suitable for use in food products. 



iiiiyi wm 



ui I U1LULJUU 



19-11-1996- .09:03 



ADMIN POT D1U 



l-ill \ ob-oil. 
+31 104606290 P. 10 



The present, invent ion ,aims to provide novel antifreeze.-,-.. 
polypeptides which . have the advantage that, they.can- easily 
be obtained from an abundant natural- source and which- - 
provide good. properties to. products : in which they are used- 



. ..It has been found that antifreeze polypeptides which 

possess good recrystallisation inhibition : properties can be 
obta^ned.from.carrots. In particular, it..ha S , been found that 
antifreeze, polypeptides obtained from carrots- show, markedly 
better properties as .compared to polypeptides . isolated from 
other, root. .vegetables. In -particular the antifreeze - 
Polypeptides of the invention are capable of providing good 
recrystallisation inhibition properties without 
significantly changing the crystal shape of the ice- 
crystals, therewith possible leading to more favourable 
properties e.g. soft ice-cream. 
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Applicants have found that the effective antifreeze - 
Polypeptides from carrots are generally characterised by an 
apparent Molecular Weight on SDS-PAGE of 38 JcDa 
Accordingly in a first aspect the invention relates to 
antifreeze polypeptides which can be obtained from carrots - 
38 kD ^ 3PParent rnolecular -eight on SDS-PAGE of 



30 



In thx, context it will be clear to the ski l le d person that 

weiont Variat '° n ±n SDS PAGE < the apparent molecular 

weight can only be determined with some variation in the 
results. For the purpose of the invention these variations 

of th!T t0 ^ ^ 3lSO emb «- d "ithin the scope 

of the term "apparent Molecular Weight of 38 *Da». 

Appl icants also have found that the effective anti- 

ZlZLr 1 ^^ 3 aCC ° rdi ^ t0 invention comprise 

fragments hav lng an amino acid ^ 

the examples . 
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Accordingly in a ' second aspect ■ t^Wion relates to 
polypeptides comprising fl - agments (A . E) hav±ng an 
acxd sequence as follower " 
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. (A) 


LEU 


-PRO 


-ASN-LEU-PHE-GLY-JLYS " " 




(B) 


ILE- 


-PRO 


-GLU-GLU- ILE-SER-AIiA-LEU-LYS - r— 


10 


(C) 


LEU- 


-THR- 


-X-LEU-ASP-LEtT-SER-PHE-ASN^LYS"" ; :j ' — ^ ,,:r 




ID) 


SER- 
PRO- 


•LEU- 
LEU- 


ARG - L»EU - S ER - S ER - THR - S ER - LEU - SER - GL Y - PRO - VAIj - 
PHE-PHE-PRO-GUff-LEU-X-LYS - ^ " ■ 


15 


(E) 


X-X- 

LrYS 


GLU- 


VAL-ILE-PRO.X-GLN-LE^SER-THR.LEU^PRO-ASN.LEU^ 
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Also embraced within the invention are alleles and 
derivatives of this polypeptide which still possess the 

Ztll "«VT rt1 "" Pref6rable the Natives show « 
least 75% homology with the polypeptide of figu re 1( , ore 
preferred more than 85%, most preferred more than 95% Fo, 
the purpose of the invention the ten, derivative 
embraces modified polypeptides which still possess the " 
antifreeze properties, for example glycosylated forms of 
the above polypeptides. 

Although the proteins of the invention can easily be 
isolated from carrots, also genetic manipulation techniques 
-y be used to produce the proteins described in the 

ZZZ i " T aPP ~ Priate h ° St - organism would be 

transformed by a gene construct that encodes the desired 
■ Polypeptide. The nucleotide sequence coding for the 
polypeptide can be inserted into a suitable expression 
vector containing the necessary elements for transcription 

under appropriate conditions (eg in proper orientation and 
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correct reading frame and" with appropriate targeting £nd 
expression sequences) ". The methods required to Vdnstruct " ^ 
these expression vectors are wtfl ■ k „6wn to ;: those skilled- in 
the art. .- _ ..... , ,,. _ 
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30 



A number of expression systems may *e utilised to express 
the polypeptide coding sequence; These include, "but. are not 
.limited to, bacteria, yeast; insect- celT^ systems, plant 
cell culture systems and plants all transformed with the 
appropriate- expression vectors ; . Yeast , -plants and plant- • ~ 
culture systems- are preferred in' this <c6ntext ' - • 



A wide variety df plants and plant cell systems can be 
transformed with "the- nucleic acid constructs of the " 
15 polypeptides. Preferred embodiments would include, but are 
not limited to. maize, tomato, tobacco, carrots 
strawberries, rape seed and sugar beet. 



As descried above vectors containing a nucleic acid 
sequence capable of encoding the polypeptides of the 
invention are also embraced within the scope of the 
invention. The invention also relates to nucleic acids 
capable of encoding the polypeptides of the invention 
25 ^ lb ° dieS Which specifically bind an (epitope of the,' 
25 polypeptxdes. Also embraces are polypeptides which are 

immunologically related to the polypeptides as determined 

abo T" rSaCtiVity With ™ antibody raised against the 

above polypeptides. 



Based on the above- in format i 



on it is also possible to 



genetically modify other- ™=»t-nV* i 

jr ^j-j-y ocner natural sources such that 

they produce the advantagec 

above . 



sous AFP's as identified here- 
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prbp^rtries r is indicated in the examples. Preferably AFP • s 
in accordance to the invention provide a" ice particle size 
(mean crystal lengHK) ' upon re crystal isation of les^s than" 
50 nM, more preferred from 5 to 4 0 Mm. " : " : " r ' 

The AFP's can conveniently be used in " several products , 
preferably in food products which" 'aW' frozen or intended to 

be frozen. 

10 Examples of such food products are : frozen food -products 
such as vegetables, sauces. eoupsV snacks, frozen 1 
confectionery such as 'ice-cream or water-ice, dairy 
products etc. - 
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20 



25 



The preferred products wherein the AFP 1 s are used are or 
frozen vegetables or frozen confectionery products such as ' 
ace-cream or water-ice. Preferably the level of AFP's" is' " 
from 0.0001 to 0 . 5 wt% based on the final product. If dry- 
miXeS ° r concentrates are used, the concentration may be 
higher m order to ensure that the level in the final 
frozen product is within the above ranges. Surprisingly it 
has been found that compositions of the invention can 
contam very low amounts of AFP's while still being of good 
quality. 



Up till now the general belief has been that fairly high 
levels of AFP's- are required to obtain a reasonable 
improvement of recrystallisation inhibition properties 
Surprisingly it has now also been found that for frozen 
30 products improved recrystallisation properties and 

increased temperature tolerance can already be obtained if 
low levels of AFP 1 s are used. Preferred levels of AFP are 
• from 0.01 to 0.3 wt%, more preferred 0.05 to 0.2 wt%. 

35 For the purpose of the invention the term frozen 

confectionery product includes milk containing frozen 
confections such as ice-cream, frozen yoghurt, sherbet 
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sorbet, ice mirk and frozen custard- water- 
and frozen.fruit purees^- c .. ar, • ■ 



xr! e 



s,- granites 
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Pz-efe.ably.- a the level" of^solids in the frozen .-confection 
(e.g.-. sugar, fat, flavouring -etc) is more than 3 wt%, more 
preferred from 10 to 70wt, for example "40 to-70:wt%.. 

Frozen confectionery- products according to -the invention" 
can be produced- by "any method suitable forrthe production - 
of frozen confectionery. Especially preferably however all 
the ingredients of the formulation are fully mixed before 

the freezing process starts: 

EXAMPLES 
Example T 

Carrots (Daucus caroto cv Autumn King) were grown in 
ndividual pots, when plants were approximately twelve weeks 
old, they were transferred to a cold room and held at 4°C 
in constant light during 4 weeks for cold-acclimation. 
Plants were watered three times a week. • 

Fresh tissue of the carrots were ground with a pestle and 
mortar (cooled to 4"C) in an equal volume buffer A (lOmM 
EDTA, 20 mM Ascorbic acid; - buff ered with Tris to P H 7 4 ) 
held on ice. The homogenates were filtered through one 
layer of muslin. and kept on ice prior to further use. 

As a comparison several other root -plants were grown and 
homogenates prepared from the roots as above. 



Anti-freeze activity was measured using a modified "splat 
-assay" (Knight et al , 1988). 2.5 M l of the solution under 
investigation in 30% (w/w) sucrose was transferred onto a 
clean, appropriately labelled, 16 mm circular coverslip a 
second coverslip was placed on top of the drop of solution 
and the sandwich pressed together between finger and thumb 
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The- S andW*ch was dropped into a bath of hexane held at - 
8 °° C in a box of drv ic «- When all sandwiches had been 
prepared, sandwiches- were transferred from-the .-80»C .hexane 
bath to the viewing chamber containing hexane held at -6°C 
using forceps pre-cooled in the dry ice. Upon transfer to - 
6°C, sandwiches could be seen to change from-a transparent, 
to .an opaque appearance. Images were recorded by, video - 
camera and grabbed into an image analysis system (LUCIA, 
Nikon) using a 20x objective, images of each splat- were 
recorded af time = 0 and again after ,3 0-60 .minutesv The 
Size of the ice-crystals -in both assays was- compared If 
the s ize at 30-60 minutes is • similar or only moderately 
increased compared to the- size -at t=o, this is an 
mdxcation of good ice-crystal recrystallisation ... 
properties . 



20 



25 



30 



Results: from the sandwich splat assay test if appeared 
that samples from carrot roots, carrot stem and carrot 

ZZll P ° 8SeS ; Signif±Cant -—crystallisation inhibition 
properties, whereby the roots and ieaves are most active 

tLLr mP ! ri r n 3 SamPle ° f n ° n - aCC limated c «™= roots was 
tested, which showed significant less activity. For the 
following examples root ti ssue was used for further " 

on carrots. a 

A. . comparison several other vegetable roots were 

30. sucrose. Amon g thesa vegetans were turnip. kale , 
bruseels sprout, wintergreen cabbage, rape, pa* choi. 

parsnip and strawberry. None of 

xvone ot these sources of material 
provided significant ice-recrvstalii,^ ■ • u • 1 
activity ^crystallisation inhibition 



35 



Carrot root tis.ue was homogenized in three volumes ,„ /v) 
buffer (2 0« ascorbic acid. 10 « EDTA , ■ SO « T ris,HCL pH 
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7.2) in a pre.eooled-pestle.and-mortar and filtered through 
one layer of muslin. The filtrate was centrifuged at 
6 ;0.00g. ten minutes an 4o.e ; .-the supernatant:- was • collected 
and centrifuged. at lOO.OOOg for i hour at 4°c. The 100,000g 
supernatant from this step i s termed-the soluble fraction 
and the pellet, the microsomal fraction. 

The supernatant -was applied to a- 30 ml fast flow Q 
Sepharose- (Pharmacia) colunm pre -equilibrated dn-50 mM 
Tris/HGL pH 7.4 at- a. flow, rate of 5 ml /min: . supplied by a •> 
HiLoad pump P- 5 0 controlled by a Gradif rac low pressure 
chromatography system (Pharmacia) at 4°C and the eluate 
monitored at OD.-.280 by a UV monitor (Monitor UVl, - . ■ . 
Pharmacia), recorded on a chart recorder (REC 102' 
15 Pharmacia) . 5 ml fractions were collected. The column was 
washed with 50mM Tris/HCL pH 7 . 4 at the same flow rate 
until the OD 280 returned to zero. A 150»1- gradient of 0- 
0.4 M Naci in Tris/HCLpH 7.4 was then applied followed by 

,n M f aC1 C °' 1Umn WaSh - ElUatS fracti °»* were - subjected- to 

20 the splat assay .as in example I. 

Fractions containing anti-freeze activity were pooled and 
concentrated using polyethylene glycol as follows : the 
25 ^ aCCi ° nS K We " transferred in lOkDa cut off dialysis tubing 

EDtHh TT? been WaShSd ^ ^ — ^le d in S0m/ 

EDTA PH 7.5 for 10 minutes- and rinsed in Q water .. The 

dlalyS1S tUbing - cont aining the sample to be concentrated 
was covered with solid polyethylene glycol compound Mol 

30 I h 15 ' 000 " 20 '° 00 (Sigma) ^ inCubated *t 4o C for up'to 
30 . 4 cursor until the sample volume inside the dialysis . 
tubing had reduced up to 10 fold. 

. The pooled concentrate from the Q sepharose column was 
applied euher to a phenyl Sepharose column, a SMART 
superdex 75 gel perTneation column: Qr an ^ 
gel permeation column. 
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Carrot root anti- freeze proteins were puri f ied by : pi : r 
permeation ch'romatograpl^ as follows:' '"" '- : '- v - v - " 



20^1 allots of sample were applied to a SMART euperdex 75 
5 column r fPharmaciaJ-pre-eguilibratea in SOmM TrlsYricF pJ^ 4 
containing 0.1SM NaCl (Buf f er ^E^f a flow rate of 40 M l/min 
. and components separated by gel permeation at: the same flow 
rate xn equilibration buffer. -The elu^wWto^^t ' 
OD 280 and OD 215. 80 M 1 fractions were collected between 
10 0.85 and ,0 -..89 ml, 40 M 1 fractions betwde?T^ 8 ^a^SY^m! and 
100^1. fractions between 1. 24 ' and 3:0 ml V The void volume 
(vo) of the column was 0.91 ml as determined" by the 
retention volume of a solution of Blue Dextran'^he^ 
superdex column was calibrated by application of lo M i of a 
15 solution containing Smg/ml' BSA (Mr eekDa', retention'-" '•"* <rf -- 
(Ve)=1.02 ml), 3mg/ml Carbonic anhydrase (Mr 29 kDa 
Ve=l. 22 ml), 2mg/ml cytochrome C (Mr" 12'. 4 kDa , ' Ve=l ! 41 ml ) 1 
and 2mg/ml Aprotinin (Mr 6.5 kDa, Ve=i. 5 9 ml) and a 
standard curve plotted of Ve/Vo against log Mr. Fractions * 
a C ; n ^ anti " f — "Ctivity were identified by the spat 

assays ln Example I, with an activity peak that showed a 
retention volume of i. 16 ml and an apparent molecular 

^ g bLd f f 4 ° kDa ; TheSe m — confirmed- that the 38 
,S peptide " C ° ld aCCli - tised ™- ~- an anti-freeze 



tZT T ° Ut aCCOrdi "9 to Laemmli ( 1970 , using 

the Bxorad nuni system. Samples to be analyzed by SDsJage 

30 :e e ;:ed% ssol r d in sds - page sampie ^ 

(TechL ! minUtSS ^ 100 ° C °" * block 
(Techne) and centrifuged for 3 minutes at io, 000 g at room ' 

or 1 l a d 1>0 ^ 1 - 5m thi — s, 10 .x2.X5t acryLmide 
35 Iiec I gradlent acrylamide (pre-pcured from Biorad}, and 

:;r::r;~; a ic T y separated - se ™ d ^p tid e S } i 

(0 It T, Tr " e±ther W±th C — - blue 

(0.1. {w/v} Coomassie Brilliant Blue in acetic 
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acid/methanol/miliQ water-{5u4 :31, by vol } Jv-of-airver rear, 
. stained, using the Biorad silver stain kit according to the 
manufacturer's instructions. Gels were dried between two 

8h ~^;?*^ e **^ - 

5 aCCOrd ^~to. . t he..n^uf a c t urer-i.s..^str U ctionB;-. S iW-high - 
. and „ low . ran 9fL™°i?c ular >eight_ marker kits were used 
according to the manufacturer's instructions for 
determination of-apparent X~ on SDS-PAGe". " ~ ~ ~ - 

10 rh * J*R >»=^^^ with- cold 

accl.xmatised L carrot root and non-cold acclimatised carrot 
IT Jvn reSulting 9e ^ SDS-P AGE - g ele showed the' presence ~ 
of a 38kDa band in the cold acclimatised sample: This band 
IS ^- leSS ab -/^-t- - Che-non-col-d-acclimatised root - 

15 Thxs aakpa band was hence attributed., to anti-freeze 
activity. 



F 
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20 



25 



For protein sequencing, the 3 8kDa carrot - root -protein hwas - 
purified mb described in- the. previous-examplec-and then to' ■ 
5 ensure further purification the sample to be sequenced was 
excised from, the SDS PAGE gel and then proteolyt ically 
...digested in situ inr. the polyacrylamide, gel, slice-.-v, a : i, .... 



30 



35 



Preparations of largely- pure 3 8.. kDa protein,, -that still-had 
some. : minor cent amina t ing proteins . : were, loaded onto, a 1 2 % , ,'. 
polyacrylamide gel.:, Three lanes -each-with 2. jig^of protein 
were loaded and -electrophoreses in the gel. until the dye " 
front reached, the -bottom of the. gel , The gel was then 
stained in 0 . 2%; coomassie brilliant blue (w/v) 30% 
methanol,, (v/v) , i* acetic, acid ,(v/v.) for 20 minutes and 
then detain with 30% methanol until the- -protein bands could 
be visualised. The 38 kDa band was identified by comparison 
with molecular weight.markers - loaded into adjacent lanes 
and the band from each^lane was excised with a scalpel 
blade, taking care to exclude contaminating bands. 

The gel~slices were transferred to a clean eppendorf tube 
and wash ed twice with 0.5ml of 50% acetonitrile (v/v) 
100mM Tris/Cl. pH 8.5. The washing removed some of the 
coomassie stained and also partially dehydrated the gel 
slices. The gel slices were then removed from the tube and 
subjected to air drying on the laboratory bench until they 
had shrunk significantly and started to curl up. They were 
then transferred back to the eppendorf and rehydrated with 
f-stly, xomI of 100mM Tris/d, pH 8.5 containing lMg of 
endoprote.nase Lys C (Boehringer Mannheim, . This is ! 

ZTH2 Se th3t SPeCifiCa11 ^ Polypeptide chains on 

the carboxy terminal side of lysine residues. Further Tris 

rah"!' Th T d t0 SUCSS Unt±1 ^ — *ully 

rehydrated and they were then incubated at 3 7-C for 16 
hours. 
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10 



After . incubatio^l "of • £rif^6_*e ti c acid was added to 
the tube to stop the reaction and ,.>_ ar1._n1ircfi_uuix.fl_ 

washed twice with ,0.3ml of , 6a%,acetonitrile ■ <<r/vy*, V*«rTi_ 

dehydrate the .gel slices causing them to shrink "and elute "• 
the peptides.^that had been generated.- The supernatant was " 
transferred to another clean eppendorf - tube and then dried 

xn a centrifugal evaporator f or. .2..hpurs__until.._the-.sam P le 

was near dryness and resuspended to a volume of o.lml with 
0 . 1% TFA. 



15 



20 



30 



35 



The peptides were then separated by reversed phase HP_r on 
a Smart micropurif icat ion system (Pharmacia). The peptide 

digest was loaded onto a.C18 column (2.1- x-4 00 mm ) 

equilibrated in 0.1% TFA (Solvent A) at a flow rate of ' 
O.lml min. The column was . then ..eluted_.with-a..gradient-.of -0- 
- 70% of Solvent B ( 90 % acetonitrile v/v. 0.085% TFA v/v) 
° VSr Z°-^_^JiL.^ e same £'lo_:»t«. The optical density 
was monitored at 214 nnTand individual peptide peaks w ere 
collected xn the fraction collector by manual stepping 
Polypeptides were sequenced by loading onto a model 492 
Perkxn Elmer protein sequencer using the liquid phase 
chemxstry cycles as recommended by the manufacturer. 

" TJT 1 P ° lyPeptide figments (A-E) were analyzed in the 3a 
kDa band and had sequences substantially homologous to- 
(A) LEU-PRO-ASN-LEU-PHE-GLY-LYS 



(B) ILE-PRO-GLU-GLU-ILE-SER-AIA-LEU-LYS 

(C) LEU-THR-X-LEU-ASP-LEU-SER-PHE-ASN-LYS 

' ^r LEU "^ G " LEU " SER " SER -™" SER - LEU - SER - G ^-^0-VA_- 
PRO-LEU-PHE-PHE-PRO-GLN-LEU-X-LYS 

CE) ^-^-AL-ILE-PRO-X-GLN-^U-SER-THR-LEU.pHO-ASKr-X.EU. 
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Example IV -^u^ 

Cell cultures. for' producinc^afi'f -i f <p^k* — - 

as follows, , 5 ' " Pr0 ! einS : Were made . 

New cell cultures we.e .initiated baSed o7methods described 
-Oa mb c rg - and:Wetter l 9 7S,^o^-^ D ^^ Robert! 



20 



Cold acclimatised carrot (Aut^n King): the surface of the 
Le° P Tde r t° 0t ^ S r rili2ed '^^^ * 

Teepol detergent, followed by- »e¥ubb-fbg under running water 

then rinsing under running water for is minutes. Where 

practicable (on the basis of thW - W W :■ ~ 

15 root was then aseptically cut inr« n c , . P6eled ' The 

t . . ^ ■ y cuc into 0.5cm slices, which wpr» 

follow StW01 " „ ich snaking 

™ .^r : * hakin9 - se °" oM «-» 3 

X w lt h .toll. dastiU.d water . CyXi „ ders of apflI . oximal:elv 

0.5cm diameter were cut through the slic, „„ • OXlmately 

~ -i yil slices us ma a. <ar*.»-r--i t 

scalpel, and the remainder cut int-o 5 , . «erile 
^ • ... r cuc 1Iito 2 -3mm lengths. These 

tissue discs f psvrn =>^4- « \ C£,e 

9CS texplante) were asepticallv>r^ D f. j 
solid Mq c P^cauy transferred onto 

» agar. which J.^^ ^".^J" 1 

smaller sections, which w^ro ^_ . _ 

3 r=,wi„ g callus. lni " ited from 'actively 

.Additionally carrot <-^i i ~, 

OX6, were obt H f suspension culture lines (NOR and 

"3 ^bg/i sucrose and lmg/i 



IH-II-IS 
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mm 



2,4-D every-seven days. Cultures" were /--.-u-^ 

incubated in an orbital shaking incubator at 150 rpm at 
25°c in- the dark. - . . . . ? ^ 

The NOR culture was cold, treated as follows: 



10 



15 



18x5ml 7d old NOR culture was added to 18 x 100ml 
Erlenmeyer flasks containing 45ml carrot MS medium. The 
cultures were incubated at" 25«C as .previously rdescr-ibed for 
4 days, then the incubator temperature reduced to 4°c. Two 
flasks were removed immediately and the cells and medium 
harvested as -previously described as t = 0. The remaining 
flasks were harvested in duplicate at • 
t=8h,ld,2d,4d,7d,9d.Jld, and 14d. 



25 



The cold acclimation treatment was repeated using larger 
cultures of both NOR and OX*, which were transferred to 4°c 
after 4d and 7d of growth at 2S°C. Cultures were harvested 
at t-0. t=7d and t=!4d. In addition to harvesting, the PCV 
was determined for each culture at each time point. 

The NOR cold acclimated cells were prepared for splat 
analysis as in Example I as follows , Quick frozen cells 
were ground to a fine powder in liquid nitrogen using a 
Pestle and mortar. The powdered samples were resuspended in 

for 30 O eT e T T" ^ + ^ aCid ' ^'"-ixed 

for 30 seconds then centrifuged at lO.OOOg for l 0 m inutee . 

IOmI aliquot, of the supernatants were splatted using the 
buffer control as a negative control. „ activity co ! ld ^ 

tin IT* T T 3 ! Cli — d -11. and medium but not in the 

non cold acclimated samples. 

The medi, san , ples £rom NOR Buspenalo „ „ ere a „ a ^ 

IT 0 T% N ° R ™ edium was bu£f «* d ** <* 

ml Q Sepharo.e colu„ (Pharmacia) « a flow r,t. of 1 
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tnl/min and bound molecules-eaujt-ed: with 3 ml aliguots of 50 
mM Trie/HCl pH 7.4 containing concentrations of 0.5 M NaCl . 
1 ml fractions were collected/;^: /?<=-. ..^o -?.;3c. .'.Vc/r- .ar-cr c 



5 This anion exchange method -was Valso" . used- to f ract ionate 
t=0 , 2d, 4d, 7d, lid, cold acclimated and t=7d non-cold 

. .acclimated medium samples. Fractions were tested for 

activity by sandwich splat assay as described in example I 



10 



15 



20 



The antifreeze activity in culture medium was purified by 
gel permeation chromatography as follows. 
The 14 cold acclimated 0 . 5M NaCl eluate from the Q 
eepharose column (fraction 2) from above was acetone 
precipitated and the pellet resuspended in 50/xl 50mM " 

Tris/HCl + 0.15 M NaCl, pH 7.2. This was then centrifuged ~ 

at lO.OOOg for 10 minutes, and 20/il loaded onto a Superdex 
75 gel permeation column on the Pharmacia SMART system. The 
flow rate was 4 0/zl/min and the mobile phase was 50mM 
Tris/HCl + Q.15M NaCl, pH7 . 2 . 80/xl fractions were collected 
and splatted. This procedure was repeated using t=14d non- 
cold acclimated 0.5M NaCl eluate from the Q sepharose 
column and fresh medium. 



Further isolation of the active proteins can be done by SDS 
25 PAGE analysis in line with example II. 

Example V prepa ration of ice^rp^ 

Root extract from cold acclimatised carrot roots was 
30 prepared by scrubbing freshly pulled cold acclimatised (as 

in example I). carrots in cold water. The tops are removed 

and the juice extracted employing a domestic, juice 
. extractor (Russell Hobbs, model no 9915) . The juice was 

frozen in 1 litre blocks and stored a -20°C prior to 
35 collection for use in ice cream trials. 
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The carrot AFP juice was added to the following-rc^cream 
formulation - 



10 



15 



20 



INGREDIENT 


parts by. weight 


Skimmed Milk Powder 


10.000 


Sucrose 


13.000 


MD4 0 


4.000 


LiO cus t r Bean * Gum^e.*- > ; c ; r 


O'V-144 c"- ^^-tstrcn : :^T: 


Genulacxa-LlOO v -^r.-iocr* — 


: " tri* o i is : n ! 1 j " 1 cr n ; " a r ; l ~ ° " " 


MGP ;ui ■ ■ " : ' 


o.3oo '"'^fTr^ \ ';^\ 


Butteroil 


8 . 000 


Vanillin 


0. 012 


Water . ' " ~ „ 




'Carrot Extract (from cold 
acclimated carrots containing l-io 
mg AFP per kg) 


4.472 



,.. 25 



aeration to 106%/ overrun . ._ .11 

Measurements were made on fresh sample and on samples which 
had been abused by storage at -10 "C for a period of 10 
days. As a comparison a sample without carrot extract was 
measured in the same way. The measurements were done as 

follows : 
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Samples were equilibrated at -18 C in a Prolan 
Environmental cabinet for approximately 12 hours. Three 
samples were chosen representatively from each batch of ice 

cream and a slide was prepared from each in a Cryostat 

temperature control cabinet by smearing a thin layer of ice 
cream from the centre of each block onto a microscopic 
slide. A single drop of white spirit was applied to the 
slo.de and. a. cover slip was then applied. Each slide, in 
turn, was then transferred to a temperature controlled 
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croscope stage ( Leit LaborLux S, Leica xlO objective, 
-% t £$ m )^$tVSte^i:&*%i*$^9*e °e ice-crystals (about" 400 
Auy&iV^?l e ±ee T ^stalB) were collected and relayed through 
..f.yides camer %a (San y o CCD) to an image storage and analysis 
5 system (LEICA Q520MC) . 
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15 



The stored ice crystal images were highlighted manually by 
drawmg around the perimeter which then highlights the 
whole crystal. .Images, .of. ..the.- highlight-ed-crystals-wez-e- then 
measured using the image analysis software which counts the 
::mnnber of pixels required to complete -. the longest straight 
line (length) , shortest straight line "(breadth) , the aspect 
ratio (length/breadth) . The data for each individual ice 
crystal of a batch of ice cream was imported into a 
spreadsheet where analysis of the data set was carried out 
to find the mean, and standard deviation. 



The ice Cream Hardness Measurements were carried out using 
2 o I "° UnS ! ield H10KM U --ersal Tester, a.Hounsfield 100N Load 
20 cell and a lOctn Cylindrical Stainless steel probe. The ice- 
cream samples were prepared by is Hour incubation of 486ml 
ice cream blocks in a Prolan Temperature Control Cabinet 
set at -18 "c. 



25 



30 



The ice cream block was removed from Prolan temperature 
control cabinet and placed the Hounefield H10KM Universal 
Tester. The 10cm cylindrical probe was pushed . into the ice 
2 C 0mT Th° Ck ^ 3 C ° nStant ° f «°<W*n to a depth of 

ulZ Z d \ maXXmU V° rCe reC ° rded dUrin9 — ion was 

Indie t /■ ^ ° f 8amPle WaS ° b — d was 

indicated in the right hand column 
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The following results were obtained 





Ice Crystal Size Parameters 


Material Properties 


. , Sample 


Mean 

"""Crystal 
Length / 
um - 


Mean 

Crystal "~ 
Breadth 

/ urn 


_ Mean 
Crystal 
Shape 
Factor 

/ - 


Mean _ 
Crystal 
Aspect " - 
Ratio / 


Hardness 

* r." '.1 cv, ^ 


Brittle 
Fracture 
% bbservatio 
n 


carrot-- 

Arr — 

fresh 


r.3 — . 




1-15 ± 
• 0.013 ;.- 


1.43 ± 

-e- 0.5,-024-. 


40.6 


Yes 


Carrot 
AFP - 
Abused 


33.48 ± 
1.3 


24.61 * 
0.-9 


1.13 ± 


1.37 + 
.-0.020 , 


59. 9 


Yes 


Cont . - 
Fresh 


33.67 ± 
1-1 


24.79 * 
0.8 


1.12 ± 
0 .006 


1 - 3 a_ + 

0. 018 


; 27.3 


NO 


Cont . - 
Abused 


61.77 + 
2.7 


46.54 ± 
2.0 


1.11 ± 
0. 010 


1.37 ± 
0.020 


32 .7 — 


- No 
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The following conclusions can be drawn: 

a) Initial ice crystal size is smaller in ice cream 
containing Carrot AFP, thus carrot AFP. is inhibiting 
recrystallization inhibition . 

b) Ice crystals in carrot AFP ice cream are retarded in 
their recrystallization processes. 



25 



c) ice crystal shape in carrot AFP ice creams are hot 
significantly different from crystal shapes seen in 
conventional ice creams. 



30 



d) Material properties of ice cream containing carrot AFP 
are modified from those noted for conventional ice 
cream. Namely, ice creams are harder than 
conventional ice cream but still softer than ice-cre; 
containing e.g. fish AFP ' s . Secondly, ice cream 
containing* carrot AFP was observed to fracture. 



2 am 
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' : ■' CLAIMS .*, v . v-y-^..«. 

Antifreeze^ polypeptides which~.can~ be-r.obtained from 
carrots and which* have an- apparent - molecular weight on 
SDS-PAGE of 38 kDa and alleles or derivatives thereof. 

Antifreeze polypeptides comprising fragments . (A-E) 
having an' amino acid"' sequence as -follows-:--.- - . 

(A) LEU-PRO-ASN-LEU-PHE-GLY-LYS -r;-;;u- .-r. ~- - 



( B ) I LE - PRO - GLU - GLU - ILE-SER- ALA - LEU -LYS 



<C) LEU-THR-X-LEU-ASP-LEU-SER-PHE^ASN-LYS 

(D) SER- LEU- ARG - LEU- SER - SER - THR - SER - LEU - SER - GLY - PRO - 
VAL - PRO - LEU- PHE - PHE - PRO - GLN - LEU - X - LYS 

(E) X-X-GLU-VAL-ILE-PRO-X-GLN-LEU-SER-THR-LEU-PRO- 
ASN-LEU-LYS 

and alleles or derivatives thereof 

Method of obtaining polypeptides according to one or 
more of claims i- 2 whereby the polypeptide is isolated 
from cold-acclimatised carrots. 



Method of obtaining polypeptides according to one or 
more of claims 1-2, whereby the polypeptide is 
expressed by a genetically modified organism ' 
preferably selected from the group of microorgani-snm , 
plants or plant cell cultures. 



Microorganism capable of expressing the polypeptide of 
claim 1 or 2 . 



6. Vector being capable of bein 



g inserted into an 
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organism such that this organism produces the 
polypeptide, of claim 1 pr r 2 . . _ 

7. Cell culture capable of producing the polypeptide of 
claim 1 or 2 . 

8., A nucleic acid capable of encoding the polypeptide of 
claim 1 or 2.... • — , ..... 



9 An antibody capable .of specifically binding the 
polypeptide of claim 1 or 2 . 

10 . A polypeptide -that is .immunologically related to the 

polypeptide of claim 1 or 2 as determined by its cross 
- reactivity. . with .an" antibody __of claim^-9 . _,~ 

11. Food product (with the exception of carrots) 
comprising^ polypeptide of claim l, 2 or 10,. 

12. Food product of claim 11 being a frozen confectionery 
product or a. frozen vegetable.- 

13 . Use of the polypeptides of claim 1 or 2 for increasing 
the frost tolerance of plants. 



19r11-86r 06:58r: 
19-11-1996... 09:08- 
7371 (V) 



+31 ia4S062flOr, 



P. 29. 



R-480, Job-Qpfe- 
+31 104606290 P. 29 



21 



Abstract 



Novel antifreeze polypeptides can be isolated from carrots 
These peptides can favourable influence the properties of 
consumer products e.g. frozen confectionery products. 
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